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Abstract

Background: Most displays of laboratory test results include a standard reference range. For some patients (eg, those with
chronic conditions), however, getting a result within the standard range may be unachievable, inappropriate, or even harmful.

Objective: The objective of our study was to test the impact of including clinically appropriate goal ranges outside the standard
range in the visual displays of laboratory test results.

Methods: Participants (N=6776) from a demographically diverse Web-based panel viewed hypothetical glycated hemoglobin
(HbA1c) test results (HbA1c either 6.2% or 8.2%) as part of a type 2 diabetes management scenario. Test result visual displays
included either a standard range (4.5%-5.7%) only, a goal range (6.5%-7.5%) added to the standard range, or the goal range only.
The results were displayed in 1 of the following 3 display formats: (1) a table; (2) a simple, two-colored number line (simple
line); or (3) a number line with diagnostic categories indicated via colored blocks (block line). Primary outcome measures were
comprehension of and negative reactions to test results.

Results: While goal range information did not influence the understanding of HbA1c=8.2% results, the goal range only display
produced higher levels of comprehension and decreased negative reactions to HbA1c=6.2% test results compared with the no goal
range and goal range added conditions. Goal range information was less helpful in the block line condition versus the other
formats.

Conclusions: Replacing the standard range with a clinically appropriate goal range could help patients better understand how
their test results relate to their personal targets.

(J Med Internet Res 2018;20(10):e11027) doi: 10.2196/11027
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Introduction

In an effort to facilitate greater patient involvement in the
management of their health, hospitals and health care systems
have increasingly provided patients with access to their
electronic health records (EHRs) [1]. However, simply providing
health information, such as laboratory test results, is often
insufficient in enabling patients to understand, much less utilize,
this information. Test results are commonly presented in a table
format, which leaves a sizable minority of people having
difficulty with the seemingly simple task of identifying whether
their test result falls within the standard range [2]. Furthermore,
even when people can correctly identify the location of their
test result in reference to the standard range, they tend to view
the risk associated with their test value in a dichotomous
fashion—with results within the standard range being viewed
as “good” and results outside of the standard range as
“bad”—without sensitivity to the fact that risk usually changes
in a linear or exponential fashion [2].

Individuals who manage chronic conditions face an additional
barrier to understanding and effectively using their test results:
inappropriate reference ranges. The standard range commonly
presented as part of test result communications represents the
distribution of values commonly observed in a healthy
population [3-5]. In some chronic disease situations, however,
the practical target range that the patient and clinician are trying
to reach may be substantially different from the standard range.
For example, the standard range for glycated hemoglobin
(HbA1c) is generally 4.5%-5.7%, but a common recommendation
for patients with type 2 diabetes is to aim to have their HbA1c

values below 7%. Furthermore, there is evidence that
aggressively managing type 2 diabetes (HbA1c goal: <6.0%) in
older individuals results in increased mortality compared with
standard therapy (HbA1c goal: 7.0%-7.9%) [6-9], suggesting
that at least some patients (eg, those experiencing frequent
hypoglycemia) may need to be told that their HbA1c values are
lower than advisable. Even in situations where the patient may
not be physically harmed by trying to reach the standard range,
if the standard range is not realistically achievable, patients may
feel justifiably frustrated and discouraged. This could lead to
decreased motivation for self-management or the pursuit of
alternative therapies in an effort to achieve the unachievable.
In an attempt to avoid these potential harms, health care
providers frequently discuss goal ranges with their patients that
may be more realistic for a person with their condition. Goal
ranges may also change with new evidence or changing life
circumstances; thus, it may be important to have new ways to
communicate these goal ranges via the patient portal.

In addition to the use of clinically appropriate goal ranges, use
of visual displays could help increase patient sensitivity to
variations among out-of-range results. In a previous study by
our research group, we tested the impact of presenting laboratory
test results via 3 number line formats versus a standard table
format on participants’ sense of urgency and desire to contact
their health provider [10]. Compared with participants in the
table condition, participants in the 3 number line displays had
reduced perceived urgency and desire to contact their health

provider for test result values outside of, but near, the standard
range. Furthermore, the use of visual displays did not affect
participants’perceived urgency and desire to contact their health
provider about more extreme test values.

These issues raise the question of how can test results be
communicated to patients in ways that help them better
understand how their result compares to the target range most
relevant to their self-management and treatment decision
making. To the best of our knowledge, there has been no
research examining whether and how individual- or
disease-specific goal range information should be incorporated
into the returned laboratory test results for patients such as these.
Inclusion or exclusion of different combinations of these
reference standards might improve patients’ comprehension of
the test value and reduce unnecessary negative reactions, such
as discouragement or urgency to contact their health care
provider when urgency is unnecessary.

We conducted a Web-based experiment in which respondents
imagined receiving HbA1c test results through an EHR patient
portal as part of the ongoing management of their type 2
diabetes. This study was designed to answer four key questions:

• Does the inclusion of goal range information improve
comprehension of the test results?

• Does the inclusion of goal range information reduce
unnecessary negative reactions to test results that are outside
of the standard range, but near their goal range?

• Is it better to include the goal range information in addition
to, or in place of, the standard range?

• Does the display format (eg, table vs visual number line)
change the impact (if any) of including goal range
information in the test result display?

Utilizing the principle “less is more,” which has been shown to
apply in health communication [11-14], we hypothesized that
the goal information would have the largest improvements in
comprehension and reducing unnecessary negative reactions
when the goal range was the only reference category (ie,
conditions where the standard range and any other risk
categories are absent). We also hypothesized that the impact of
goal information would be most effective for values nearer to,
but still outside of, the standard range because higher test values
would be comparatively easier to interpret without additional
information.

Methods

Setting
Data were collected through Qualtrics survey software
(Qualtrics; Provo, UT) from a nationwide sample of US adults
through Survey Sampling International (SSI). Participants were
recruited over a 2-month period from August to October 2015.

Sample
Participant eligibility was determined through SSI using a
probability-weighted random process based on sample
requirements. We established quotas on respondent age (33%
aged 21-39 years, 33% aged 40-49 years, and 33% aged ≥60
years), gender (50% females), and race or ethnicity (14%
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African American, 14% Hispanic, and 4% Asian American
people) to approximate the distribution of these characteristics
in the US population. However, we oversampled individuals
with diabetes to ensure that we did not have an overly healthy
sample and to evaluate whether experience managing diabetes
moderated the impact of the goal presentation format. SSI
participants were routed to the survey via the sampling algorithm
until all quotas were achieved.

Design and Procedure
Participants were asked to imagine that they had recently visited
their doctor’s office to discuss the management of their type 2
diabetes, during which their doctor had highlighted that people
with type 2 diabetes should try to have HbA1c values within a
target or goal range of 6.5%-7.5%. Participants were then asked
to imagine that in the intervening 3 months, they did their best
to follow their doctor’s recommendations (eg, exercising
regularly and eating healthy). Then, 3 months prior to their next
appointment, the patients underwent some blood tests and
viewed the results of these tests a day later via a Web-based
EHR portal.

We tested 3 between-subjects factors (varied independently) to
examine the impact of including goal range information across
different presentation formats on patient reactions to their test
results. Figure 1 shows examples of different levels of each
factor. The first factor was goal presentation. Approximately
one-third of participants were randomly presented with a test
result display with no goal range (standard range only
condition), although the goal range information was described
in the scenario text. The remaining participants received visual
displays with the goal range included, either in addition to the
standard range (goal range added condition) or with the goal
range presented instead of the standard range (goal range only
condition). The goal range was chosen in consultation with
clinicians on our research team who care for patients with type
2 diabetes to represent a realistic and clinically appropriate
target range for most individuals with type 2 diabetes.

The second factor was HbA1c test value. Participants were
randomly presented with an HbA1c test value of 6.2%, which
fell between the standard range and the goal range, or a value
of 8.2%, which was higher than both the standard and goal
ranges. The third factor was the display format. The HbA1c test
result was randomly presented via 1 of the 3 formats. The table
format presented information via text in a table, the format
typically used in EHRs. The simple line format was a gray
number line, except for a green range labeled “standard range.”
The block line format was a number line divided into differently
colored diagnostic ranges. The cutoffs for the diagnostic
categories were determined in consultation with clinician team
members and differed for the “goal range only” condition
compared with the “standard range only” and “goal range added”

conditions to reflect the differences in hypoglycemia risk for
individuals with type 2 diabetes compared with the general
population. We reviewed our designs in color vision difference
simulators to ensure that the different colors were
distinguishable for people with color vision differences. For the
“block line” plus “goal range only” combinations, the
“Borderline Low” label was represented differently (dropped
down, with dotted line connection) as a result of the label being
greater in length than the range on the number line.

Measures

Comprehension
We included 2 measures to assess how well participants
understood their test result in relation to their goal range. For
the relative location measure, we asked, “Where was your test
result compared to your goal range?” with “higher than the goal
range,” “within the goal range,” “below the goal range,” and “I
don’t know” as response options. For the future location
measure, we asked, “At your next test, what do you think your
next test result should be, as compared to this test result?” using
a 9-point Likert scale response option with “A lot lower” and
“A lot higher” as the anchor labels and “About the same” as the
midpoint label. “I don’t know” was also included as an
additional response option.

Reactions to Test Result
We included 2 measures to assess participant reactions to their
test result: one measuring how discouraged they would be by
their test result and one assessing whether and when they would
contact their doctor about their test result. For the discouraged
measure, we asked, “How discouraged or encouraged do you
feel about this test result?” using a 6-point Likert scale response
option with “Very discouraged” and “Very encouraged” as the
anchor labels with an additional “I don’t know” response option.
For the urgency measure, we asked, “How soon do you need to
speak to your doctor regarding these results?” with
“Immediately,” “Within a few weeks,” “At your next
appointment in 3 months,” and “I don’t need to speak to my
doctor about these results” as response options.

Demographics
We asked participants about their age, gender, race and ethnicity,
education, and whether they have diabetes, and if so, what type.

Data Management
All data were collected anonymously so that the researchers
had no way to learn the identity of the participants. A unique
identification number provided by SSI was contained in the
redirected URL, which identified participants and prevented
them from completing the study multiple times. This study was
deemed exempt by the University of Michigan Health Sciences
and Behavioral Sciences Institutional Review Board.
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Figure 1. Goal presentation and display formats for 6.2% glycated hemoglobin (hemoglobin A1c) test value; labels indicate the display format and
goal presentation.
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Data Analysis

Recoding of Measures
Responses to the relative location measure were recoded as “1”
to indicate a correct response if participants responded “below
the goal range” in the 6.2% HbA1c test result condition or
“higher than the goal range” in the 8.2% HbA1c test result
condition. All other responses were recoded as “0” to indicate
a failure to know where their test value was in relation to the
goal range. To assess whether participants had the gist of where
their next test value should be, future location responses were
recoded as “1” if they were above the midpoint of the scale in
the 6.2% HbA1c test result condition and below the midpoint in
the 8.2% condition. All other responses were recoded as “0.”
The results are substantially the same, if not stronger (ie, larger
effect sizes), if “about the same” is coded as “1”. The one
exception is that having diabetes is associated with an increased
comprehension of the future location for the goal presentation
and display format logistic regression analysis. Responses to
the discouraged and urgency measures were reverse coded, such
that higher scores indicated greater discouragement and urgency,
respectively. We recoded gender (0=male, 1=female), race
(0=white, 1=nonwhite), and diabetes status (0=no diabetes,
1=diabetes).

Effects of Goal Presentation
We report percentages for the relative and future location
measures and descriptive measures for the discouraged and
urgency measures across the different factors. We used
chi-square analyses to test for differences in percentages and
independent sample t tests and one-way analyses of variance
(ANOVAs) with post hoc comparisons using Bonferroni
corrections for multiple comparisons to compare means. We
also report the logistic regression results for the relative and
future location measures and ordered logistic regression results
for the discouraged and urgency measures, with age, gender,
race, education, and diabetes as covariates to test whether
including relevant covariates substantially changed the results
from the chi-square test, t test, and ANOVA. All analyses were
performed using Stata 14, and all tests of significance were
2-sided and used alpha=.05.

Results

Sample Description
Of all the participants who initiated the study, 83.09%
(6781/8161) completed it. In addition, 14 responses were
dropped due to a reported age <18 years old, and 1 response
was dropped due to a reported age of 586. Table 1 presents
sample demographic characteristics among the remaining 6766
participants.

Impact of Goal Presentation on Interpretation of
Tables
In univariate analyses of participants receiving HbA1c=8.2% in
table form, neither goal presentation nor display factors
significantly affected any of the outcomes (all P values>.07,
see Figure 2).

Among participants who received tabular displays of
HbA1c=6.2% results (which fell between the standard and goal
ranges), however, goal presentation format had a significant
impact on comprehension. As shown in Figure 2, receiving
explicit goal information (in either form) significantly increased
the percentage of participants recognizing that their HbA1c=6.2%

value was below the goal range (χ2
2=126.9, P<.001) and stating

that their next result should be higher (χ2
2=36.0, P<.001).

Furthermore, the effect was larger among participants who
viewed a table with the goal range only versus when the goal
range was added to the standard range (relative location, goal
range only: 51.28%, 201/1130, vs goal range added: 44.16%,

155/1130; χ2
1=3.8, P=.05; future location, goal range only:

46.97%, 186/1137, vs goal range added: 37.39%, 132/1137;

χ2
1=7.0, P=.01). Similarly, providing goal information (either

format) in table displays reduced discouragement (F2,1071=19.38,
P<.001) and urgency (F2,1131=3.09, P=.046) compared with no
goal displays, although there was no significant difference
between the goal range added versus goal only conditions.

The logistic regression analyses of participants receiving test
results in table format (Table 2) confirmed significant main
effects for HbA1c test value and goal presentation for all 4
outcome measures (all P values<.001) with the exception of
goal presentation for urgency, which became nonsignificant

when controlling for the covariates (χ2
2=5.5, P=.06). Consistent

with the pattern seen in Figure 2, there were significant
interactions between HbA1c test value and goal presentation for

relative location (χ2
2=62.8, P<.001), future location (χ2

2=11.4,

P=.003), and discouragement (χ2
2=7.2, P=.03), but not for

urgency (χ2
2=1.2, P=.54). In addition, individuals with diabetes

had not only a lower likelihood of identifying the relative
location but also lower discouragement relative to individuals
without diabetes. Being older and female were associated with
an increased likelihood of identifying the relative location, but
decreased urgency. Additionally, being older was associated
with increased discouragement while identifying as female was
associated with an increased likelihood of correctly identifying
where their next test result should be. Identifying as a person
of color (nonwhite) was associated with a decreased likelihood
of identifying the relative location. Higher education was
associated with not only an improved comprehension of the
relative location but also increased urgency.
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Table 1. Sample characteristics (N=6766).

ValueaCharacteristic

49.1 (15.8)Age, mean (SD)

Gender, n (%)

3299 (48.88)Male

3435 (50.90)Female

15 (0.22)Transgender or other

Ethnicity, n (%)

892 (13.26)Hispanic (any race)

Raceb, n (%)

5294 (78.24)White

1002 (14.81)African American

654 (9.67)All other

Education, n (%)

135 (2.00)<High school

1065 (15.78)High school only

2458 (36.41)Some college or trade

2005 (29.70)Bachelor’s degree

1087 (16.10)>Bachelor’s degree

Diabetes status, n (%)

3620 (53.79)No diabetes

497 (7.38)Type 1 diabetes

2613 (38.83)Type 2 diabetes

Goal presentation, n (%)

2253 (33.30)Standard range only

2219 (32.80)Goal range added

2294 (33.90)Goal range only

Glycated hemoglobin test result value, n (%)

3390 (50.10)6.2%

3376 (49.90)8.2%

Display format, n (%)

2251 (33.27)Table

2224 (32.87)Simple line

2291 (33.86)Block line

aResults reported only for those respondents who completed each question or measure.
bRespondents could mark more than one race.
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Figure 2. Effect of providing goal range information in table format, by goal presentation type and glycated hemoglobin (HbA1c) test result; asterisks
indicate statistically significant differences between the 2 bars. Std range: standard range.
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Table 2. Logistic regression and ordered logistic regression results showing predictors of outcome measures, table condition only.

UrgencyDiscouragedFuture locationRelative locationPredictors

P valueOR (95% CI)P valueOR (95% CI)P valueOR (95% CI)P valueORa (95% CI)

Goal presentation

ReferenceReferenceReferenceReferenceStandard range only

.0490.77 (0.59-1.00)<.0010.51 (0.39-0.67)<.0011.69 (1.23-2.32)<.0014.98 (3.46-7.17)Goal range added

.020.74 (0.57-0.95)<.0010.47 (0.35-0.59)<.0012.52 (1.86-3.42)<.0016.83 (4.77-9.76)Goal range only

Glycated hemoglobin (HbA1c) test result value

ReferenceReferenceReferenceReference6.2%

<.0012.16 (1.63-2.86)<.0014.13 (3.12-4.46)<.0014.30 (3.13-5.91)<.00112.07 (8.30-17.54)8.2%

Goal × HbA1c

.281.24 (0.84-1.84).091.40 (0.95-2.05).010.57 (0.37-0.87)<.0010.25 (0.15-0.40)Goal range added × 8.2%

.461.16 (0.79-1.71).011.67 (1.15-2.44)<.0010.49 (0.32-0.75)<.0010.15 (0.09-0.24)Goal range only × 8.2%

Demographics

.830.98 (0.84-1.15)<.0010.52 (0.44-0.61).721.03 (0.87-1.23)<.0010.64 (0.52-0.77)Diabetesb

<.0010.98 (0.97-0.99)<.0011.01 (1.01-1.02).541.00 (0.99-1.00)<.0011.02 (1.01-1.03)Agec

.040.84 (0.72-0.99).061.16 (0.99-1.35).021.03 (1.03-1.47)<.0011.74 (1.44-2.11)Genderd (female)

.391.08 (0.90-1.32).921.01 (0.84-1.22).991.00 (0.81-1.24).0020.70 (0.56-0.87)Racee

<.0011.08 (1.04-1.13).570.99 (0.94-1.03).241.03 (0.98-1.08)<.0011.11 (1.05-1.17)Educationc

N/AN/AN/AN/Af<.0010.28 (0.16-0.47)<.0010.03 (0.02-0.05)Constant

aOR: odds ratio.
bDiabetes (0=no, 1=yes).
cAge and education treated as continuous variables.
dGender (0=male, 1=female).
eRace (0=white, 1=nonwhite).
fN/A: not applicable.

Impact of Display Format on Goal Presentation:
Glycated Hemoglobin 6.2% Condition Only
Given that providing goal information to participants receiving
test results via tables only influenced outcomes among those
viewing HbA1c=6.2% results, we focused only on these
conditions when comparing optimal formats (ie, table vs simple
line vs blocks line) for presenting goal information. As shown
in Figure 3, the overall pattern of goal presentation on the
understanding and interpretation of HbA1c=6.2% results in the
simple line and block line conditions mirrored the pattern
discussed above for the table format: providing goal information
(in any format) increased the percentage of participants
recognizing that their HbA1c value was below the goal range,
wanting their next result to be higher and experiencing less
discouragement; however, there were minor differences with
the block line design. Compared with the table and simple line
designs where the goal range was added, participants in the
block line condition exhibited less comprehension of their goal

location (χ2
2=13.9, P<.001) and where their next test result

should be (χ2
2=19.4, P<.001) as well as exhibited a greater

discouragement F2,1026=11.42, P<.001).

The logistic regression analyses (Table 3) revealed the main
effects of goal presentation (all P values ≤.002), with
participants in the goal range added and goal range only
conditions having higher comprehension and less
discouragement and urgency than participants in the no goal
condition and display type (all P values≤.002 for relative
location, future location, and discouragement measures). More
interestingly, there were also significant interactions between
goal presentation and display format for relative location

(χ2
4=11.6, P=.02) and future location (χ2

4=22.2, P<.001), but

not for discouragement (χ2
4=8.0, P=.09) or urgency (χ2

4=3.2,
P=.53). As noted earlier, the block line design seemed to
interfere with the efficacy of including goal information when
the standard range was also present (Figure 3).
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Figure 3. Effects of presenting goal information to patients viewing glycated hemoglobin 6.2% test result: goal presentation and display format; asterisks
indicate statistically significant differences between the 2 bars. Std Range: standard range.
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Table 3. Logistic regression results showing goal presentation, presentation format, and demographics as predictors of outcome measures, 6.2% glycated
hemoglobin test value condition only.

UrgencyDiscouragedFuture locationRelative locationPredictors

P valueOR (95% CI)P valueOR (95% CI)P valueOR (95% CI)P valueORa (95% CI)

Goal presentation

ReferenceReferenceReferenceReferenceStandard range only

.030.74 (0.56-0.96)<.0010.45 (0.34-0.59)<.0011.73 (1.25-2.39)<.0014.85 (3.38-6.96)Goal range added

.010.72 (0.55-0.93)<.0010.39 (0.30-0.51)<.0012.65 (1.94-3.63)<.0016.6 (4.65-9.44)Goal range only

Presentation format

ReferenceReferenceReferenceReferenceTable

.550.92 (0.71-.20).230.85 (0.65-1.11).931.01 (0.73-1.42).921.02 (0.68-1.54)Simple line

.160.83 (0.64-1.08).251.17 (0.90-1.53).010.60 (0.41-0.86).040.61 (0.39-0.97)Block line

Goal × presentation

.970.99 (0.68-1.46).461.16 (0.78-1.70).511.17 (0.73-1.85).541.17 (0.70-1.95)Goal range added × simple
line

.311.22 (0.83-1.78).021.56 (1.07-2.28).931.02 (0.63-1.67).821.07 (0.62-1.86)Goal range added × block line

.341.20 (0.83-1.74).111.36 (0.94-1.97).451.19 (0.76-1.86).970.99 (0.60-1.64)Goal range only × simple line

.641.09 (0.76-1.58).181.29 (0.89-1.86)<.0012.32 (1.45-3.71).0451.74 (1.01-2.99)Goal range only × block line

Demographics

<.0010.74 (0.65-0.84)<.0010.31 (0.27-0.35)<.0010.77 (0.66-0.89)<.0010.64 (0.55-0.75)Diabetesb

<.0010.97 (0.97-0.98).0491.00 (0.99-1.00)<.0010.97 (0.96-0.97)<.0011.01 (1.01-1.02)Agec

<.0010.79 (0.69-0.89).571.04 (0.91-1.18).190.90 (0.77-1.05)<.0011.56 (1.33-1.82)Female genderd

.021.20 (1.03-1.40).620.96 (0.82-1.12).851.02 (0.85-1.22).010.76 (0.63-0.92)Racee

.141.03 (0.99-1.06).290.98 (0.95-1.02).071.04 (1.00-1.09)<.0011.11 (1.06-1.16)Educationc

N/AN/AN/AN/Af.171.38 (0.87-2.19)<.0010.04 (0.03-0.07)Constant

aOR: odds ratio.
bDiabetes (0=no, 1=yes).
cAge and education treated as continuous variables.
dGender (0=male, 1=female)
eRace (0=white, 1=nonwhite)
fN/A: not applicable.

Demographic covariates remained significant predictors across
the 4 outcome measures (see Table 3). People with diabetes
were less likely to identify the relative location of their result,
but they also had less discouragement and urgency compared
with individuals without diabetes. Age produced inconsistent
effects, with a high comprehension of relative location but low
comprehension of future location along with lower
discouragement and urgency. Identifying as female or white
were both associated with an increased comprehension of
relative location and with decreased urgency. Education was
associated with increased comprehension of relative location.

Interaction Analysis of the Impact of Diabetes Status:
Glycated Hemoglobin 6.2% Condition Only
The regression results presented in Table 3 showed consistent
main effects on comparing participants who have diabetes in
real life versus those who did not. To explore whether diabetes

status might interact with optimal display formats, we performed
additional regression analyses including interaction terms based
on diabetes status. These additional logistic regression and
ordered logistic regression results revealed a significant
interaction between diabetes status and goal presentation for
comprehension of the relative and future locations (all P
values<.001), but not for discouragement and urgency (all P
values>.15; Multimedia Appendix 1). For comprehension of
relative location, the overall relationship between the effect of
goal presentation did not change based on whether someone
had diabetes (no goal: 80/552, 14.49% vs goal range added:
171/476, 35.92% and goal range only: 219/504, 43.45%;
P<.001) or not (no goal: 65/578, 11.25% vs goal range added:
278/595, 46.72% and goal range only: 385/646, 59.60%;
P<.001); the effects were just more exaggerated for people
without diabetes. For comprehension of the future location,
there were significant differences between all 3 goal presentation
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conditions for participants without diabetes (no goal: 132/579,
22.80% vs goal range added: 243/604, 40.23% and goal range
only: 364/649, 56.09%; P<.001). However, for people with
diabetes, comprehension was significantly higher in the goal
only condition (225/506, 44.47%) than in no goal (129/555,
23.24%; P<.001) and goal range added (127/477, 26.62%;
P<.001) conditions, while there were no significant differences
between the no goal and goal range added condition (P=.70).

Discussion

Our data suggest that providing people with test results displays
(tabular or visual) that include goal range information can alter
their perceptions of their test results in important ways. While
perceptions were generally unaffected by format when the result
was above both the standard and goal ranges, perceptions were
sensitive to format when the result was above the standard range
but below the goal range. Comprehension of the below-target
nature of this result was higher when goal information was
explicitly included in participants’ test result tables or visual
displays. Furthermore, inclusion of goal information in the
display reduced perceived discouragement about the presented
results.

Our data also show that removing the standard range and
substituting it with a single goal reference range seems superior
to simply adding goal range information along with the standard
range values. Comprehension was highest and discouragement
and urgency were lowest when the goal range information was
presented in lieu of the standard range information. This
suggests that it is difficult for people to put aside information
about the standard range—which is normed based on the total,
mostly healthy, population—even when more personalized goal
information is easily available. As a result, the inclusion of these
standard reference points (which are less relevant in this
particular situation) may undermine patients’ ability to manage
their chronic conditions and may expose them to harm when
aggressively trying to achieve test results within the standard
range [6-9].

Fundamental principles of both visual design and information
evaluability suggest that the dominance of the goal only
substitution condition is due to the fact that the inclusion of
more than 1 reference range produces confusion about which
comparator is most relevant to understanding where the patient’s
test value should be [15,16]. This argument is bolstered by the
fact that among the conditions where goal information was
presented in addition to the standard range, comprehension was
lowest and discouragement was highest when participants
received block design visuals. This design already includes

multiple color-coded sections and categorical labels indicating
levels of risk, and adding yet another reference range for patients
to interpret at the same time was clearly too much for many to
handle.

One limitation of our study is the use of a hypothetical scenario.
While participants did not receive actual test results,
approximately half of our sample had the medical condition
described in the scenario (diabetes) and would likely have
experience receiving HbA1c test results. While we found the
same pattern of results for participants with and without
diabetes, participants with diabetes who received HbA1c=6.2%
results were less likely to report that their values were too low,
but these participants also exhibited decreased discouragement
and urgency. One possible explanation for this finding is that
their experience with repeatedly being told that their HbA1c

goal should be below 7.0% has led them to adopt the standard
range as the norm that they should be striving to attain, even
when an alternative goal range has been provided. Another
possibility is that participants with diabetes were relying on
their real-life goal ranges, which may have been different from
the one provided in the scenario, or that they recognize that not
all persons with type 2 diabetes will experience adverse
outcomes with an HbA1c of 6.2%. This explanation may account
for the overall smaller percentage of participants with diabetes
who were discouraged about their test result or felt a need to
contact their health care provider immediately.

As more and more patients receive their test results via
Web-based patient portals, it is becoming increasingly important
that patients should be able to find their results meaningful and
that we do not cause unnecessary distress or discouragement to
patients. Current approaches to presenting laboratory test results
to patients appear to be particularly problematic for many
patients, such as those with chronic conditions, who may have
personal target goals that differ from those relevant to healthy
adults. For these patients, the standard range commonly shown
is not necessarily where we want patient results to be. Providing
goal range information in place of the standard range may be
one step toward reducing these problems with EHR systems;
however, challenging discussions would need to occur regarding
the pros and cons of who should determine the goal range
information (ie, health systems, EHR or portal vendors, expert
panels, individual physicians, and/or patients) or what the goal
ranges should represent (eg, broader goals for people with a
chronic condition vs individualized goals). More research is
needed to determine additional features that may further improve
the interpretability of laboratory test results.

Acknowledgments
This work was previously presented at the Annual Meeting of the Society for Medical Decision Making, Vancouver, BC, Canada;
October 24, 2016. Funding for this research was provided by a grant from the US Agency for Healthcare Research and Quality
to BJZF (R01 HS021681). The funding agreement assured the authors’ independence in designing the study; in the collection,
analysis, and reporting of the data; and in the decision to submit the article for publication. The authors acknowledge the assistance
of Sandeep Vijan, MD, Kenneth Langa, MD, and Beth Tarini, MD, in determining the appropriate display ranges and categorization
schemas for each of the types of test results used in this study. In addition, we acknowledge the graphic design efforts of Grace
Bienek in creating the images used in this study. Lastly, we are grateful for the guidance and inspiration provided by the patient
members of our research team: Margaret Newton, Stephanie Burke, and James Piazza.

J Med Internet Res 2018 | vol. 20 | iss. 10 | e11027 | p. 11http://www.jmir.org/2018/10/e11027/
(page number not for citation purposes)

Scherer et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Conflicts of Interest
None declared.

Multimedia Appendix 1
Logistic regression and ordered logistic regression results showing goal presentation, diabetes status, and demographics as
predictors of outcome measures, 6.2% A1c test value condition only.

[PDF File (Adobe PDF File), 194KB-Multimedia Appendix 1]

References

1. American Hospital Association. Individuals' Ability to Electronically Access Their Hospital Medical Records, Perform
Key Tasks is Growing. 2016 Oct 29. URL: http://www.aha.org/research/reports/tw/16jul-tw-healthIT.pdf [accessed
2018-09-14] [WebCite Cache ID 72QqV2lU1]

2. Zikmund-Fisher BJ, Exe NL, Witteman HO. Numeracy and literacy independently predict patients' ability to identify
out-of-range test results. J Med Internet Res 2014;16(8):e187 [FREE Full text] [doi: 10.2196/jmir.3241] [Medline: 25135688]

3. Doumas BT. The evolution and limitations of accuracy and precision standards. Clin Chim Acta 1997 Apr 25;260(2):145-162.
[Medline: 9177910]

4. Ozarda Y. Reference intervals: current status, recent developments and future considerations. Biochem Med (Zagreb)
2016;26(1):5-16 [FREE Full text] [doi: 10.11613/BM.2016.001] [Medline: 26981015]

5. Siest G, Henny J, Gräsbeck R, Wilding P, Petitclerc C, Queraltó JM, et al. The theory of reference values: an unfinished
symphony. Clin Chem Lab Med 2013 Jan;51(1):47-64. [doi: 10.1515/cclm-2012-0682] [Medline: 23183761]

6. Action to Control Cardiovascular Risk in Diabetes Study Group, Gerstein HC, Miller ME, Byington RP, Goff DC, Bigger
JT, et al. Effects of intensive glucose lowering in type 2 diabetes. N Engl J Med 2008 Jun 12;358(24):2545-2559 [FREE
Full text] [doi: 10.1056/NEJMoa0802743] [Medline: 18539917]

7. Lipska KJ, Ross JS, Wang Y, Inzucchi SE, Minges K, Karter AJ, et al. National trends in US hospital admissions for
hyperglycemia and hypoglycemia among Medicare beneficiaries, 1999 to 2011. JAMA Intern Med 2014 Jul;174(7):1116-1124
[FREE Full text] [doi: 10.1001/jamainternmed.2014.1824] [Medline: 24838229]

8. Tseng C, Soroka O, Maney M, Aron DC, Pogach LM. Assessing potential glycemic overtreatment in persons at hypoglycemic
risk. JAMA Intern Med 2014 Feb 01;174(2):259-268. [doi: 10.1001/jamainternmed.2013.12963] [Medline: 24322626]

9. Pogach L, Tseng C, Soroka O, Maney M, Aron D. A Proposal for an Out-of-Range Glycemic Population Health Safety
Measure for Older Adults With Diabetes. Diabetes Care 2017 Dec;40(4):518-525 [FREE Full text] [doi: 10.2337/dc16-0953]
[Medline: 28325799]

10. Zikmund-Fisher BJ, Scherer AM, Witteman HO, Solomon JB, Exe NL, Tarini BA, et al. Graphics help patients distinguish
between urgent and non-urgent deviations in laboratory test results. J Am Med Inform Assoc 2017 May 01;24(3):520-528
[FREE Full text] [doi: 10.1093/jamia/ocw169] [Medline: 28040686]

11. Peters E, Dieckmann N, Dixon A, Hibbard JH, Mertz CK. Less is more in presenting quality information to consumers.
Med Care Res Rev 2007 Apr;64(2):169-190. [doi: 10.1177/10775587070640020301] [Medline: 17406019]

12. Zikmund-Fisher BJ, Fagerlin A, Ubel PA. A demonstration of ''less can be more'' in risk graphics. Med Decis Making
2010;30(6):661-671 [FREE Full text] [doi: 10.1177/0272989X10364244] [Medline: 20375419]

13. Zikmund-Fisher BJ, Angott AM, Ubel PA. The benefits of discussing adjuvant therapies one at a time instead of all at once.
Breast Cancer Res Treat 2011 Aug;129(1):79-87 [FREE Full text] [doi: 10.1007/s10549-010-1193-4] [Medline: 20945090]

14. Zikmund-Fisher BJ, Fagerlin A, Ubel PA. Improving understanding of adjuvant therapy options by using simpler risk
graphics. Cancer 2008 Dec 15;113(12):3382-3390 [FREE Full text] [doi: 10.1002/cncr.23959] [Medline: 19012353]

15. Zikmund-Fisher BJ, Fagerlin A, Ubel PA. "Is 28% good or bad?" Evaluability and preference reversals in health care
decisions. Med Decis Making 2004;24(2):142-148. [doi: 10.1177/0272989X04263154] [Medline: 15090100]

16. Tufte ER. The Visual Display of Quantitative Information. Cheshire, CT: Graphics Press; 2001.

Abbreviations
ANOVA: analysis of variance
EHR: electronic health record
HbA 1c: glycated hemoglobin
SSI: Survey Sampling International

J Med Internet Res 2018 | vol. 20 | iss. 10 | e11027 | p. 12http://www.jmir.org/2018/10/e11027/
(page number not for citation purposes)

Scherer et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v20i10e11027_app1.pdf&filename=3813392bd120abdfa99b2b49bfea35d8.pdf
https://jmir.org/api/download?alt_name=jmir_v20i10e11027_app1.pdf&filename=3813392bd120abdfa99b2b49bfea35d8.pdf
http://www.aha.org/research/reports/tw/16jul-tw-healthIT.pdf
http://www.webcitation.org/

                                            72QqV2lU1
http://www.jmir.org/2014/8/e187
http://dx.doi.org/10.2196/jmir.3241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25135688&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9177910&dopt=Abstract
http://www.biochemia-medica.com/2016/26/5
http://dx.doi.org/10.11613/BM.2016.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26981015&dopt=Abstract
http://dx.doi.org/10.1515/cclm-2012-0682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23183761&dopt=Abstract
http://europepmc.org/abstract/MED/18539917
http://europepmc.org/abstract/MED/18539917
http://dx.doi.org/10.1056/NEJMoa0802743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18539917&dopt=Abstract
http://europepmc.org/abstract/MED/24838229
http://dx.doi.org/10.1001/jamainternmed.2014.1824
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24838229&dopt=Abstract
http://dx.doi.org/10.1001/jamainternmed.2013.12963
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24322626&dopt=Abstract
http://europepmc.org/abstract/MED/28325799
http://dx.doi.org/10.2337/dc16-0953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28325799&dopt=Abstract
http://europepmc.org/abstract/MED/28040686
http://dx.doi.org/10.1093/jamia/ocw169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28040686&dopt=Abstract
http://dx.doi.org/10.1177/10775587070640020301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17406019&dopt=Abstract
http://europepmc.org/abstract/MED/20375419
http://dx.doi.org/10.1177/0272989X10364244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20375419&dopt=Abstract
http://europepmc.org/abstract/MED/20945090
http://dx.doi.org/10.1007/s10549-010-1193-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20945090&dopt=Abstract
http://dx.doi.org/10.1002/cncr.23959
http://dx.doi.org/10.1002/cncr.23959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19012353&dopt=Abstract
http://dx.doi.org/10.1177/0272989X04263154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15090100&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach; submitted 15.05.18; peer-reviewed by C Schäfer, HC Kum; comments to author 27.06.18; revised version
received 05.07.18; accepted 10.07.18; published 19.10.18

Please cite as:
Scherer AM, Witteman HO, Solomon J, Exe NL, Fagerlin A, Zikmund-Fisher BJ
Improving the Understanding of Test Results by Substituting (Not Adding) Goal Ranges: Web-Based Between-Subjects Experiment
J Med Internet Res 2018;20(10):e11027
URL: http://www.jmir.org/2018/10/e11027/
doi: 10.2196/11027
PMID: 30341053

©Aaron M Scherer, Holly O Witteman, Jacob Solomon, Nicole L Exe, Angela Fagerlin, Brian J Zikmund-Fisher. Originally
published in the Journal of Medical Internet Research (http://www.jmir.org), 19.10.2018. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of
Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.jmir.org/, as well as this copyright and license information must be included.

J Med Internet Res 2018 | vol. 20 | iss. 10 | e11027 | p. 13http://www.jmir.org/2018/10/e11027/
(page number not for citation purposes)

Scherer et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.jmir.org/2018/10/e11027/
http://dx.doi.org/10.2196/11027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30341053&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

